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occupancy statuses of these structures are unknown, however the likelihood of occupancy is 

considered unlikely. Receptor coordinates are provided in the tables featured in the results section 

to follow. 

3.4 WIND TURBINE LAYOUTS 
Turbine coordinates for each of the options considered are provided in Appendix A. 

3.5 FLICKER MODELLING 
WindFarmer 5.3.38, an industry standard wind park design and production modeling 

software developed by GL Garrad-Hassan, was used to predict shadow flicker from Solano Wind 

Park Phases 1 and 4.  The program calculates sun positions throughout the year and determines 

those positions relative to the wind turbines and any Shadow Receptors throughout a full year.  The 

presence of shadow flicker at a given location and time is determined based on a line of sight 

calculation between the sun and the turbines, and the projection of the shadow from the turbine 

rotor to the receptor. Flicker was modelled from each turbine out to 1,500 meters, as beyond this 

point shadows are known to diffuse and become indistinguishable. 

4.0 Analysis & Results 

4.1 WORST CASE SHADOW FLICKER 
The WindFarmer shadow model makes several assumptions that overestimate the number 

of hours that flicker may be visible, and tends to present what could be considered a “worst case” 

scenario.  These assumptions include that the sky is always clear, the turbines are always operating, 

and are always facing directly into the sun, creating maximum shadowed areas behind them.  Under 

actual operating conditions, cloudy or hazy weather may reduce or eliminate the casting of defined 

shadows, turbines will face into oncoming wind which will not correspond to the position of the 

sun, and low wind or turbine maintenance periods may result in turbines idling during shading 

hours.  At this stage, the model also does not consider window location, height, direction, or 

shading, and does not include shading from trees or other structures, which typically greatly 

diminishes shadow flicker. Black & Veatch calculated results for this “worst case” shadow flicker 

scenario are provided in the sections to follow. 

4.1.1 V136 – Worst Case 

Worst Case results from modeled V136-4.2 wind turbines at Solano Phases 1 and 4 are 

provided below in Figure 4-1. The figure represents worst case shadow propagation in terms of 

hours per year resulting specifically from new and repower installations of Vestas V136-4.2 wind 

turbines at Solano Phases 1 and 4. Results extend outward from each turbine to a distance of 1500 

meters. Beyond this point, shadows are considered to have sufficiently lost their distinction and are 

not considered to be of concern. 



Sacramento Municipal Utility District (SMUD) | SOLANO WIND ENERGY PROJECT 

BLACK & VEATCH | Analysis & Results 4-3 
 

 

Figure 4-1 Worst Case Shadow Flicker for Vestas V136 Option 
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periods in which flicker is present from new and repower installations in location which have 

already been experiencing flicker. Table 4-1 below provides the perspective of worst case flicker 

hours before and after the installation of new and repower turbines at Solano Phases 1 and 4. 

Receptors experiencing a significant change to impact are highlighted in bold. 

Table 4-1 Worst Case Comparison of Current Shadow Flicker to Proposed Options 

Recept. Easting Northing 
Current 
(hr/yr) 

V136 
(hr/yr) 

V150 
(hr/yr) 

Recept. Easting Northing 
Current 
(hr/yr) 

V136 
(hr/yr) 

V150 
(hr/yr) V150 

R001 609622 4221398 29 29 29 R138 600382 4216628 39 38 38 

R002 609568 4221285 41 41 41 R139 600373 4216608 32 32 32 

R003 609946 4220838 13 13 13 R140 600280 4216620 19 19 19 

R004 609998 4220812 10 10 10 R141 600302 4216541 21 21 21 

R005 610044 4220846 7 7 7 R142 600271 4216544 18 18 18 

R006 610051 4220868 7 7 7 R143 600248 4216536 18 18 18 

R007 609934 4220762 3 3 3 R144 600287 4216489 27 27 27 

R008 610031 4220766 0 0 0 R145 600330 4216482 39 39 39 

R009 610111 4220778 0 0 0 R146 600378 4216434 27 27 27 

R010 610507 4219702 0 26 39 R154 600229 4216349 10 10 10 

R011 610626 4219713 0 12 20 R155 600032 4216351 16 16 16 

R012 610666 4219759 0 14 21 R156 600243 4216158 0 0 0 

R121 603661 4217274 31 66 66 R161 600451 4215669 0 0 0 

R122 600235 4217459 64 63 63 R162 602385 4215551 10 334 297 

R123 600139 4217510 46 46 46 R177 601934 4214862 0 30 41 

R124 599995 4217502 43 43 43 R178 601368 4215424 0 15 19 

R125 600292 4217020 44 44 44 R179 600867 4215108 0 0 0 

R126 600355 4216981 66 65 65 R180 600867 4215071 0 0 0 

R127 600376 4216914 78 78 78 R181 600857 4215014 0 0 0 

R128 600338 4216855 51 50 50 R182 600865 4214982 0 0 0 

R129 600316 4216858 50 50 50 R183 600857 4214933 0 0 0 

R130 600298 4216859 50 50 50 R184 600861 4214895 0 0 0 

R131 600425 4216798 60 60 60 R185 600857 4214860 0 0 0 

R132 600518 4216780 79 79 79 R186 600861 4214832 0 0 0 

R133 600467 4216667 42 42 42 R187 600808 4214834 0 0 0 

R134 600515 4216676 48 48 48 R188 600763 4214895 0 0 0 

R135 600429 4216633 42 42 42 R189 600688 4214945 0 0 0 

R136 600409 4216611 41 41 41 R194 600402 4214726 0 0 0 

R137 600391 4216610 41 41 41       

4.2 REALISTIC SHADOW FLICKER 
In the previous section, it was noted that the “worst case” scenario is model under 

conservative assumptions such as that the sky is always clear, the turbines are always operating, 

and are always facing directly into the sun, and that flicker may not even be visible to the location of 

windows relative to the turbines and other obstacles. For a more realistic result, Black & Veatch 

attempted to account for the first of those conservative assumptions listed. That is that the sky, in 

reality, will not always be clear and the possibility for shadows will not always be present. 

Quantifying this required review of historical cloud patterns in the area. 
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4.2.1 V136 – Realistic Case 

Realistic Case results from modeled V136-4.2 wind turbines at Solano Phases 1 and 4 are provided 

below in Figure 4-3. The figure represents realistic shadow propagation in terms of hours per year 

resulting specifically from new and repower installations of Vestas V136-4.2 wind turbines at 

Solano Phases 1 and 4. Results extend outward from each turbine to a distance of 1500 meters. 

Beyond this point, shadows are considered to have sufficiently lost their distinction and are not 

considered to be of concern. 

 

Figure 4-3 Realistic Case Shadow Flicker for Vestas V136 Option 

4.2.2 V150 – Realistic Case 

Realistic Case results from modeled V150-4.2 wind turbines at Solano Phases 1 and 4 are provided 

below in Figure 4-4. The figure represents realistic shadow propagation in terms of hours per year 

resulting specifically from new and repower installations of Vestas V150-4.2 wind turbines at 

Solano Phases 1 and 4. Results extend outward from each turbine to a distance of 1500 meters. 
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Beyond this point, shadows are considered to have sufficiently lost their distinction and are not 

considered to be of concern. 

 

Figure 4-4 Realistic Case Shadow Flicker for Vestas V150 Option 

4.2.3 Comparison to the Current Existing - Realistic Case 

As was the case for worst case results provided in Section 4.1.3, quantifying the new 

impacts created by new and repower installations at Solano Phases 1 and 4 requires quantification 

of existing impacts as well. Table 4-3 below provides the perspective of realistic flicker hours 

before and after the installation of new and repower turbines at Solano Phases 1 and 4. Receptors 

experiencing a significant change to impact are highlighted in bold. 
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Table 4-3 Worst Case Comparison of Current Shadow Flicker to Proposed Options 

Recept. Easting Northing 
Current 
(hr/yr) 

V136 
(hr/yr) 

V150 
(hr/yr) 

Recept. Easting Northing 
Current 
(hr/yr) 

V136 
(hr/yr) 

V150 
(hr/yr) 

R001 609622 4221398 22 22 22 R138 600382 4216628 30 29 29 

R002 609568 4221285 31 31 31 R139 600373 4216608 25 25 25 

R003 609946 4220838 10 10 10 R140 600280 4216620 15 15 15 

R004 609998 4220812 8 7 7 R141 600302 4216541 16 16 16 

R005 610044 4220846 5 5 5 R142 600271 4216544 14 14 14 

R006 610051 4220868 5 5 5 R143 600248 4216536 14 14 14 

R007 609934 4220762 2 2 2 R144 600287 4216489 21 21 21 

R008 610031 4220766 0 0 0 R145 600330 4216482 30 30 30 

R009 610111 4220778 0 0 0 R146 600378 4216434 21 21 21 

R010 610507 4219702 0 20 30 R154 600229 4216349 8 8 8 

R011 610626 4219713 0 9 15 R155 600032 4216351 13 13 13 

R012 610666 4219759 0 11 16 R156 600243 4216158 0 0 0 

R121 603661 4217274 23 51 51 R161 600451 4215669 0 0 0 

R122 600235 4217459 49 49 49 R162 602385 4215551 8 257 229 

R123 600139 4217510 36 36 36 R177 601934 4214862 0 23 31 

R124 599995 4217502 33 33 33 R178 601368 4215424 0 12 15 

R125 600292 4217020 34 34 34 R179 600867 4215108 0 0 0 

R126 600355 4216981 50 50 50 R180 600867 4215071 0 0 0 

R127 600376 4216914 60 60 60 R181 600857 4215014 0 0 0 

R128 600338 4216855 39 39 39 R182 600865 4214982 0 0 0 

R129 600316 4216858 38 38 38 R183 600857 4214933 0 0 0 

R130 600298 4216859 38 38 38 R184 600861 4214895 0 0 0 

R131 600425 4216798 46 46 46 R185 600857 4214860 0 0 0 

R132 600518 4216780 61 61 61 R186 600861 4214832 0 0 0 

R133 600467 4216667 32 32 32 R187 600808 4214834 0 0 0 

R134 600515 4216676 37 37 37 R188 600763 4214895 0 0 0 

R135 600429 4216633 32 32 32 R189 600688 4214945 0 0 0 

R136 600409 4216611 32 31 31 R194 600402 4214726 0 0 0 

R137 600391 4216610 32 31 31       

 

5.0 Conclusions 
Based on the realistic and worst case results detailed in Section 4.1 and Section 4.2,  a total 

of 7 structures appear to be impacted by new and repower installations at Solano Phases 1 and 4. 

Table 5-1 and Table 5-2 provide the understood details of those structures along with the 

corresponding increase in Shadow Flicker hours per year estimated added. None of the structures 

listed are known to be occupied at this time, however Black & Veatch recommends this be 

confirmed to ensure compliance with ordinance requirements and keeping up with general 

community satisfaction.  
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Table 5-1 Shadow Flicker Impacts for Vestas V136 Option 

Receptor Easting Northing 
Worst Case Real Case 

Status 
(hr/yr) (hr/yr) 

R010 610507 4219702 26 20 Unknown 

R011 610626 4219713 12 9 Unknown 

R012 610666 4219759 14 11 Unknown 

R121 603661 4217274 35 28 Unoccupied Barn 

R162 602385 4215551 324 249 Unoccupied Barn 

R177 601934 4214862 30 23 Unoccupied 

R178 601368 4215424 15 12 Demolished 

 

Table 5-2 Shadow Flicker Impacts for Vestas V150 Option 

Receptor Easting Northing 
Worst Case Real Case 

Status 
(hr/yr) (hr/yr) 

R010 610507 4219702 39 30 Unknown 

R011 610626 4219713 20 15 Unknown 

R012 610666 4219759 21 16 Unknown 

R121 603661 4217274 35 28 Unoccupied Barn 

R162 602385 4215551 287 221 Unoccupied Barn 

R177 601934 4214862 41 31 Unoccupied 

R178 601368 4215424 19 15 Demolished 
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Appendix A. Coordinates of Selected Turbine Options 

Appendix A1. Vestas V136-4.20 

Table A-4 Vestas V136-4.20 Phase 1 Repower Turbine Coordinates 

WTG # Model Height Northing Easting Latitude Longitude Elev (m) 

P1R1 V136-4.20 82 m 4221140 607399 38.131740 -121.774565 62.63 

P1R2 V136-4.20 82 m 4220880 607573 38.129339 -121.772626 56.84 

P1R3 V136-4.20 82 m 4220610 607422 38.126931 -121.774385 57.76 

P1R4 V136-4.20 82 m 4220200 607363 38.123272 -121.775114 59.57 

P1R5 V136-4.20 82 m 4219850 607483 38.120118 -121.773797 31.94 

P1R6 V136-4.20 82 m 4220390 608101 38.124925 -121.766670 60.15 

Table A-5 Vestas V136-4.20 Phase 1 Addition Turbine Coordinates 

WTG # Model Height Northing Easting Latitude Longitude Elev (m) 

P1N1 V136-4.20 82 m 4220010 608452 38.121453 -121.762721 50.48 

P1N2 V136-4.20 82 m 4219740 608514 38.118993 -121.762061 47.41 

P1N3 V136-4.20 82 m 4219240 609264 38.114350 -121.753589 27.77 

P1N4 V136-4.20 82 m 4218970 609499 38.111947 -121.750938 13.94 

Table A-6 Vestas V136-4.20 Phase 4 Turbine Coordinates 

WTG # Model Height Northing Easting Latitude Longitude Elev (m) 

P4N1 V136-4.20 82 m 4215960 602221 38.085641 -121.834375 52.64 

P4N2 V136-4.20 82 m 4216750 602695 38.092688 -121.828856 70.47 

P4N3 V136-4.20 82 m 4216470 602670 38.090181 -121.829187 65.52 

P4N4 V136-4.20 82 m 4216170 602840 38.087507 -121.827289 59.38 

P4N5 V136-4.20 82 m 4215770 603002 38.083826 -121.825503 62.02 

P4N6 V136-4.20 82 m 4215510 602720 38.081526 -121.828756 31.10 

P4N7 V136-4.20 82 m 4215230 602716 38.079048 -121.828842 38.16 

P4N8 V136-4.20 82 m 4215020 603532 38.077053 -121.819569 58.22 

P4N9 V136-4.20 82 m 4214760 603686 38.074714 -121.817854 53.76 

P4N10 V136-4.20 82 m 4215230 604076 38.078825 -121.813340 61.29 

P4N11 V136-4.20 82 m 4214910 604588 38.075915 -121.807550 48.35 

P4N12 V136-4.20 82 m 4214580 604499 38.072979 -121.808606 44.82 
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Appendix A2. Vestas V150-4.20 

Table A-7 Vestas V150-4.20 Phase 1 Repower Turbine Coordinates 

WTG # Model Height Northing Easting Latitude Longitude Elev (m) 

P1R1 V150-4.20 105 m 4221140 607325 38.131710 -121.775408 61.51 

P1R2 V150-4.20 105 m 4220860 607586 38.129139 -121.772471 54.92 

P1R3 V150-4.20 105 m 4220560 607410 38.126525 -121.774525 56.86 

P1R4 V150-4.20 105 m 4220260 607327 38.123845 -121.775516 55.36 

P1R5 V150-4.20 105 m 4219900 607418 38.120594 -121.774541 35.25 

Table A-8 Vestas V150-4.20 Phase 1 Addition Turbine Coordinates 

WTG # Model Height Northing Easting Latitude Longitude Elev (m) 

P1N1 V150-4.20 105 m 4220050 608436 38.121802 -121.762906 48.67 

P1N2 V150-4.20 105 m 4219750 608513 38.119030 -121.762066 47.59 

P1N3 V150-4.20 105 m 4219290 609207 38.114823 -121.754220 34.07 

P1N4 V150-4.20 105 m 4218990 609499 38.112136 -121.750943 14.81 

Table A-9 Vestas V150-4.20 Phase 4 Turbine Coordinates 

WTG # Model Height Northing Easting Latitude Longitude Elev (m) 

P4N1 V150-4.20 105 m 4216740 602484 38.092646 -121.831268 73.51 

P4N2 V150-4.20 105 m 4215960 602226 38.085651 -121.834317 52.70 

P4N3 V150-4.20 105 m 4216470 602685 38.090189 -121.829013 65.06 

P4N4 V150-4.20 105 m 4215780 603013 38.083970 -121.825369 63.36 

P4N5 V150-4.20 105 m 4215500 602787 38.081430 -121.827991 30.78 

P4N6 V150-4.20 105 m 4215200 602717 38.078793 -121.828832 35.24 

P4N7 V150-4.20 105 m 4214770 603695 38.074802 -121.817743 54.80 

P4N8 V150-4.20 105 m 4215360 603997 38.080033 -121.814218 64.32 

P4N9 V150-4.20 105 m 4215050 604122 38.077278 -121.812832 64.86 

P4N10 V150-4.20 105 m 4214570 604499 38.072901 -121.808609 44.85 
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